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ABSTRACT: 

PURPOSE: To provide a photovoltaic device where the conversion efficiency after 
deterioration of light is raised. 

CONSTITUTION: In the generation layer i of a photovoltaic device using amorphous 
silicon germanium alloy 4, where free bonds are terminated by hydrogen, for the generating 
layer i, hydrogen composition rate CH/CSi is uniform all over the thickness of itself, and 
germanium composition rate CGe/CSi is changed. And the hydrogen composition rate 
CH/CSi is preferably set to the optimum value after deterioration of light. 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the photoelectromotive-force equipment start 
[ equipment ] photoelectromotive-force equipment, especially it was made to have the conversion 
efficiency after photodegradation raised. 
[0002] 

[Description of the Prior Art] The photoelectromotive-force equipment which used for the generation- 
of-electrical-energy layer the amorphous Si alloy (henceforth an a-Si alloy) which carried out 
termination of the uncombined hand with hydrogen or a halogen group element A silicon (Si) atom, 
carbon (C), nitrogen (N), oxygen (O), germanium (germanium), Or since an optical gap is controllable 
by alloy-ization with a tin (Sn) atom in the large range, promising ** is carried out as laminating mold 
photoelectromotive-force equipment aiming at a deployment of a sunlight spectrum. 
[0003] As the film production approach of the alloy mold amorphous semiconductor which constitutes a 
generation-of-electrical-energy layer, a plasma part solution method is used abundantly, and the 
capacity-coupling mold reactor of an parallel plate electrode is used in equipment in many cases. A 
mono silane (SiH4), germane gas (GeH4), and hydrogen (H2) are used for the amorphous silicon 
(henceforth a-Si) which the gas for film generation is chosen corresponding to the component which 
constitutes Si and an alloy, for example, occupies a typical status in an alloy mold amorphous 
semiconductor, and a-SiGe:H which alloy-ized germanium (germanium) as gas for film generation. 
[0004] Since electrical characteristics are inferior in an a-Si alloy compared with amorphous Si 
(henceforth a-Si), by changing configuration atomic composition ratios other than Si within a 
generation-of-electrical-energy layer, the so-called optical gap gray dead structure where the optical gap 
was changed is adopted, the carrier collection property is improved, and to raise the initial property of 
photoelectromotive-force equipment is tried. 

[0005] That to which the presentation ratio (CGe/CSi) of germanium to Si increases simply as grading 
as thickness becomes large, That to* which CGe/CSi decreases simply as thickness becomes large, And 
that to which CGe/CSi increases as thickness becomes large to the middle of thickness, and CGe/CSi 
decreases after that is known (1989p2330 to Appl.Phys.Lett.5 June2332 reference). 
[0006] In order to change configuration atomic composition ratios other than Si within a generation-of- 
electrical-energy layer conventionally As the flow rate (SiH4/GeH4 ratio) of material gas is changed 
simply, and the presentation ratio is changed, therefore it is shown in drawing 7 If germanium 
presentation ratio (CGe/CSi) to Si of a-SiGe:H increases, it has the relation that the presentation ratio 
(CH/CSi) to Si of the hydrogen which is a termination element decreases. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, it sets to the photoelectromotive-force 
equipment with which the generation-of-electrical-energy layer consists of a-Si, and is SiH2. Since 
membraneous quality deteriorates and conversion efficiency falls when there is high order association, it 
is the amount CH of hydrogen. Controlling suitably is recommended. 
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[0008] Then, it sets to the photoelectromotive-force equipment with which the generation-of-electrical- 
energy layer consists of a-Si alloys, for example, the photoelectromotive-force equipment with which 
the generation-of-electrical-energy layer consists of a-SiGe:H. The amount CH of hydrogen It is the 
amount CH of hydrogen like [ when it asks for the effect which it has on conversion efficiency ] the 
photoelectromotive-force equipment with which the generation-of-electrical-energy layer consists of a- 
Si. Conversion efficiency is the amount CH of hydrogen until it reaches the existing amount. Although it 
increases proportionally When a certain amount was exceeded, it discovered that conversion efficiency 
fell rapidly. Moreover, SiH4 / GeH4 Although CH/CSi will also change if a ratio is changed and the 
amount of germanium is changed corresponding to growth of a generation-of-electrical-energy layer By 
controlling the growth rate (DEPORETO) and pressure of a generation-of-electrical-energy layer, the 
amount of termination elements, i.e., CH, and CSi could be made into homogeneity over all thickness 
over all the thickness of a generation-of-electrical-energy layer, and, moreover, it discovered that 
CGe/CSi could be changed to arbitration. 

[0009] It is completed based on the starting knowledge and this invention aims at offer of the 
photoelectromotive-force equipment it was made to have conversion efficiency raised. 
[0010] 

[Means for Solving the Problem] In the photoelectromotive-force equipment which used for the 
generation-of-electrical-energy layer the a-Si alloy which carried out termination of the uncombined 
hand with hydrogen or a halogen group element, in order that this invention may attain the above- 
mentioned purpose, over all the thickness of a generation-of-electrical-energy layer, its presentation ratio 
to the silicon element of a termination element is uniform, and it is characterized by having the 
generation-of-electrical-energy layer to which the presentation ratio of alloy configuration atoms other 
than silicon was changed, 

[001 1] Here, the a-Si alloy means the amorphous semiconductor ingredient which consisted of an Si 

atom and other atoms, for example, one^atom of C, N, O, germanium, and Sn. 

[0012] 

[Function] Since the presentation ratio [ as opposed to the silicon element of a termination element over 
all the thickness of a generation-of-electrical-energy layer ] is uniform according to this invention, they 
are an uncombined hand and Si-H2. The optimal uniform membraneous quality from which high order 
association serves as min can be formed, and decline in the conversion efficiency by photodegradation 
can be decreased. 

[0013] Although it is free in this invention as how much the presentation ratio to the silicon element of a 
termination element is set It is Si-H2 to make [ more ] it than the early optimum value from which the 
highest initial property is acquired. High order association increases. Since an uncombined hand will 
increase and an initial property and the property after photodegradation will be reduced if it is made 
fewer than the optimum value after the photodegradation from which the highest property is preferably 
acquired after photodegradation, since an initial property and the property after photodegradation are 
reduced, it is not desirable. It is most desirable to make it the optimum value after photodegradation 
fewer than the optimum value of an initial property. 
[0014] 

[Example] Hereafter, the example of this invention is concretely explained based on a drawing. 
[0015] As the photoelectromotive-force equipment concerning one example of this invention is shown 
in the cross section of drawing 1 , it has the transparent electrode 1 by which a laminating is carried out 
one by one to a glass substrate, the p mold a-Si layer 2, the a-Si layer 3 of 200 A of thickness, the a-SiGe 
layer 4 of 1300A of thickness, the a-Si layer 5 of 200A of thickness, the n mold a-Si layer 6, and the 
rear- face electrode 7, and i layers (generation-of-electrical-energy layer) are constituted by the above- 
mentioned a-Si layer 3, the a-SiGe layer 4 and the a-Si layer 5 

[0016] As shown in drawin g 2 , the gradation profile of germanium in these i layers increases almost 
linearly within the 200A a-Si layer 3 from an amount of growth 0, within the a-SiGe layer 4 between 
200-1300A, considers as about 1 constant value (here CGe/CSi= 29%), and serves as a foot trapezoid, 
such as decreasing almost linearly, within the a-Si layer 5 between 1300-1700A. Moreover, the 
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hydrogen presentation ratio CH in these i layers / CSi is made into constant value (here 0.098%) over all 
thickness. 

[0017] In addition, the fundamental formation conditions of this a-SiGe are as being shown in Table 1, 

and the amount of termination elements, i.e., CH, and CSi are made to be fixed by controlling the 

reaction pressure and RF power which control DEPORETO to constant value (0.098%) over the whole 

thickness. 

[0018] 

[Table 1] 





1 7 0~3 2 0 


KlSffi* (P a) 


1~ 5 0 


RF/t7- (mW/cm 8 ) 


1~1 0 0 


#XiftS(SCCM) GeH 4 


0~3. 2 
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7 5 


S i H< 


4 0 



[0019] One (alphahnu) third of the a-SiGe layers 4 of this photoelectromotive-force equipment When 
the ****** gap for which it asked by plot is fixed with 1 .32eV, as shown in drawing 3 the amount CH 
of hydrogen the relation with the conversion efficiency of the first stage under a red filter the amount 
CH of hydrogen about 9 - less than [ at% ] - the amount CH of hydrogen Although conversion 
efficiency increases in proportion [ almost ] to increase, it turns out that conversion efficiency will fall if 
about 9 at(s)% is exceeded, and it becomes the maximal value at CH =about 9 at(s)%. It is the amount 
CH of hydrogen from the maximal value. It is considered because the uncombined hand by which 
termination is not carried out with hydrogen or a halogen group element exists, and the decline in the 
conversion efficiency in few fields is the amount CH of hydrogen from the maximal value. The decline 
in many conversion efficiency of a field is SiH2. Since high order association arose and membraneous 
quality deteriorated, it is considered. 

[0020] Moreover, the conditions shown in Table 2 are followed and it is the amount CH of hydrogen 
after the photodegradation of this photoelectromotive-force equipment. When it asks for relation with 
the initial conversion efficiency under a red filter, as shown in drawing 4 If compared with the above- 
mentioned initial conversion efficiency, it will be the amount CH of hydrogen. A peak price is obtained 
at little about 7 at(s)%, and they are drawin g 3 and the optimal amount CH of hydrogen before and after 
photodegradation from drawin g 4 . It differs and it turns out that the optimum value after 
photodegradation is shifted to a low hydrogen side. 
[0021] 
[Table 2] 
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[0022] Next, even if it changed the optical gap of the a-SiGe layer 4 of this photoelectromotive-force 
equipment and was attached to 1 .50eV, 1 .43eV, and 1 .36eV case, when it conducted the same 
experiment and the amount of optimal hydrogen after degradation in each optical gap was calculated, the 
result shown in drawin g^ was obtained. The axis of ordinate of this drawing 5 is the amount CH of ' 
hydrogen. Although shown, it turns out that it comes to be shown in drawing 6 when this is transposed 
to the hydrogen presentation ratio CH / CSi, and the optimal presentation after the photodegradation of 
each optical gap exists in CH/CSi=0.098(%). 

[0023] Based on the above result, germanium presentation ratio was changed, as shown in drawin g 1 , 
and when the solar-battery property of the top Norikazu example under the red filter before and behind 
photodegradation when the hydrogen presentation ratio CH / CSi is made into constant value (0.098%) 
and the transport properties of a carrier also raise coincidence was investigated, the result shown in 
Table 3 was obtained. Moreover, when the solar-battery property of the photoelectromotive-force 
equipment of the conventional optical gap gray dead structure shown in drawing 7 for a comparison was 
investigated, the result shown in Table 4 was obtained. 
[0024] 
[Table 3] 
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[0025] 
[Table 4] 
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[0026] According to the one above-mentioned example, in addition to the rate of degradation being 
greatly improved with 4%, the conversion efficiency (Eff) under the red filter after degradation was also 
able to acquire 3.45% and a very high solar-battery property so that clearly from these tables 3 and 
Table 4. 

[0027] In addition, according to this example, it is the amount CH of hydrogen. The probability which 
the carriers poured into i layers are quickly collected by the electrode, and probably recombine since it is 
set as the optimum value after photodegradation becomes low, and since carrying out induction of the 
defect and reducing the membraneous quality of i layers has decreased in case the carrier poured into i 
layers recombines, it is thought that photodegradation became small. 

[0.028] Although the gradation profile of germanium is made into the isosceles trapezoid in the one 
above-mentioned example, it is free to make this profile into an inequality foot trapezoid, or to make it 
into Yamagata. 

[0029] Moreover, although explanation of the above-mentioned example described a-SiGe:H, the result 
with the same said of the alloy of Si atom and C atom, the alloy of Si atom and N atom, the alloy of Si 
atom and O atom, and the alloy of Si atom and Sn atom is obtained. 
[0030] 

[Effect of the Invention] The uncombined hand and Si-H2 by which termination is not carried out with 
hydrogen or a halogen group element since the amount of termination elements is being fixed to 
constant value over all thickness according to this invention as explained above The optimal uniform 
membraneous quality from which high order association becomes min can be formed, and decline in the 
conversion efficiency by photodegradation can be decreased. 

[0031] It sets to this invention and is especially the amount CH of hydrogen. When setting up beyond 
the optimum value after photodegradation smaller than an early optimum value, the conversion 
efficiency after photodegradation can be raised further, and a practically much more desirable design 
can be performed. 



[Translation done.] 
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